Background: Sensory information gained through interoceptive awareness may play an important role in affective behavior and successful inhibition of drug use. This study examined the immediate pre-post effects of the mind-body intervention Mindful Awareness in Body-oriented Therapy (MABT) as an adjunct to women's substance use disorder (SUD) treatment. MABT teaches interoceptive awareness skills to promote self-care and emotion regulation.
Introduction
For individuals seeking substance use disorder (SUD) treatment to address negative affect and stress, known primary precipitants to relapse, [1] [2] [3] [4] emotion regulation is likely to be critical treatment component. [5] [6] [7] [8] Emotion regulation involves the ability to monitor, understand, and accept emotions and to engage in goal-directed behavior. 9 In contrast, emotion dysregulation is characterized by intense emotions, low stress tolerance, experiential avoidance, and lack of control. 10 Importantly, emotion regulation difficulties are significantly greater among individuals in SUD treatment compared with the general population. 5, 6 Although few SUD treatment studies have utilized measures of emotion regulation, results from those that have suggest the importance of emotion regulation for positive treatment outcomes. [11] [12] [13] Difficulty with emotion regulation is also common in clinical samples with co-occurring forms of psychopath-ology 14, 15 and is a primary clinical characteristic of individuals with a history of interpersonal trauma. 16 The relevance of emotion dysregulation to SUD treatment is likely due to the high prevalence of co-occurring disorders in this population. [17] [18] [19] Women compared with men have a higher prevalence of co-occurring mental health disorders, including interpersonal trauma. 20, 21 Dysregulated emotion is particularly evident among individuals with a history of childhood abuse, who are also at increased risk for SUD. 22, 23 Similarly, individuals in SUD treatment with, compared with those without, a history of childhood trauma and posttraumatic stress disorder (PTSD) have more emotion regulation difficulties. 24 Thus, new and accumulating evidence highlights the importance of studying SUD interventions designed to promote skills in emotion regulation.
Dysregulated emotion in SUD has been linked to interoceptive dysfunction among individuals with SUD. 25, 26 Interoception is the processing of sensory input from inside the body. 27, 28 Sensory information gained through interoception may play an important role in affective behavior and relapse prevention among those in SUD treatment. [29] [30] [31] Specifically, gaining interoceptive awareness (i.e., awareness of emotional and physical sensations) and learning to develop the capacity to attend to sensory cues may positively affect cognitive control and decision-making processes that underlie patterns of behavior associated with substance use. 32 Interoceptive awareness is a fundamental aspect of mindfulness-based interventions, typically introduced through mindful attention to the sensation of inhaling and exhaling during respiration, and guided body scans, in a group context. Mindfulness-based SUD research shows reduced substance use and related health outcomes such as negative affect, 33 depression, 34 symptoms of posttraumatic stress, 35 and craving. 36, 37 With interoception recognized as a possible mechanism underlying mindfulness-based approaches for SUD treatment, 38, 39 an identified gap in SUD research is the lack of large-sample SUD treatment studies that specifically target the development of interoceptive awareness skills. 25, 32, 40 Mindful Awareness in Body-oriented Therapy (MABT) is a mindfulness-based approach uniquely designed to teach interoceptive awareness and related skills for self-care. 41 This therapeutic approach was developed to facilitate the ability to access and develop interoceptive awareness skills, particularly important for individuals who face difficulties in attending to interoceptive signals, due to high stress, chronic pain, depression, or trauma. MABT provides an individualized protocol for scaffolding interoceptive awareness in the face of such difficulties, through a combination of psycho-educational and manual therapies that explicitly address difficulties with interoceptive processing. An initial feasibility study of MABT as an adjunct to women's SUD treatment (N = 46) found several noteworthy results, including reduced substance use and symptoms of depression, perceived stress, physical symptoms of discomfort of pain, and bodily dissociation (an interoceptive awareness indicator) from baseline to 9-month follow-up. 13 For individuals who received MABT, improvements in bodily dissociation contributed directly to reductions in traumarelated symptoms and indirectly to reductions in symptoms of emotion dysregulation. 42 In addition, the results highlighted the ability to acquire and maintain interoceptive skills for self-care in response to MABT training. 43 Although revealing promising results, the feasibility study sample was small and the design did not address the potential confounder of additional time and attention that MABT provided.
To address these shortcomings, we conducted a larger, pragmatic, randomized controlled trial of MABT, again within the context of outpatient SUD treatment for women. We also included an active control condition to test the efficacy of MABT as an adjunct to treatment as usual (TAU). This report describes the immediate pre-post results of this new research project. The primary outcomes are derived from the MABT explanatory model, which posits that interoceptive awareness underlies emotion regulation and related psychological outcomes. We hypothesized that MABT compared with TAU and women's health education (WHE) would result in improved (a) interoceptive awareness and mindfulness skills (primary outcomes), (b) emotion regulation (self-report and psychophysiology), and (c) symptomatic distress (e.g., depression and trauma-related symptoms), and (d) substance use and craving.
longitudinal project was powered on several outcomes; for this study with interoceptive awareness as the primary outcome, the study was powered for a moderate effect (β=.40) based on pilot study results. 13 The study procedures and consent forms, reviewed and approved by the institutional review board at a large university in the northwestern United States, were in accord with the Helskinki Declaration of 1975. The study was implemented in 3 community SUD outpatient treatment clinics. Women engaged in the clinic intensive outpatient program (IOP) were recruited for study participation. IOP served as the treatment as usual (TAU) condition; thus, this research examined the efficacy of MABT as an adjunct intervention to TAU. The "women's health education" (WHE) group, designed to control for time and attention, involved educational sessions to provide women's health information. Accordingly, participants were randomized to one of 3 possible study groups: MABT + TAU, WHE + TAU, or TAU only. Those assigned to MABT or WHE were offered an individually delivered intervention involving eight 90-minute sessions, delivered once weekly. All intervention sessions were provided by trained interventionists at the clinical site where the participant attended SUD treatment.
Clinical sites and study personnel
The 3 SUD clinics were located in a large urban area of the Pacific Northwest: one was a women's only clinic and the other 2 clinics served men and women. The clinics were notfor-profit organizations, which served primarily individuals of low socioeconomic status (SES). The clinics offered outpatient, abstinent-based SUD programs, with IOP as well as less intensive (i.e., step-down) continuing care programs for individuals diagnosed with chemical dependency and seeking treatment. All 3 clinics collected random urine toxicology screens and maintained electronic health records.
There were 2 research coordinators, 2 WHE interventionists, and 3 MABT interventionists involved in the project. There was 1 MABT therapist assigned to each clinical site. One research coordinator and 1 WHE interventionist worked at the women's only clinic, and the other research coordinator and WHE interventionist split their time between the other 2 facilities.
Recruitment and screening
Female patients enrolled in the 3 treatment facilities were recruited for study participation. Recruitment methods included posting of flyers in the clinics for self-referral, and presentation of the study in IOP groups by the research coordinator followed by a sign-up sheet for those interested in learning more. The research coordinator at each clinical site screened interested participants for study eligibility. Inclusion criteria were (1) female; (2) enrolled in IOP; (3) agreed to forgo (nonstudy) manual therapies (e.g., massage) and mindbody therapies (e.g., mindfulness meditation) for 3 months (baseline to post-test); (4) willing to sign release for access to electronic medical records; (5) fluent in English; and (6) able to attend MABT sessions. Exclusion criteria were (1) untreated psychotic diagnosis or symptoms;(2) unwilling or unable to remain in treatment for the duration of the trial (e.g., planned relocation, pending incarceration, upcoming surgical procedures); (3) cognitive impairment based on an informed consent assessment of demonstrated comprehension difficulty during consent; or (4) currently pregnant.
Enrollment and randomization
Patients eligible for study participation were administered the consent form and baseline measures by the research coordinator. After completing the study enrollment process, participants were randomly assigned to study treatment group using a block random group generator in STATA (StataCorp, College Station, TX) to distribute participants by clinic, such that equal distribution of cases to MABT, WHE, or TAU occurred for every block of 6 enrolled participants. Block randomization was used to facilitate the workload spacing for interventionists, as MABT and WHE sessions were offered only 1 day/week at each clinical site.
Treatment as usual
The intensive outpatient program at the 3 study site clinics complied with the specific requirements of the Washington State Code (WAC) that regulates chemical dependency IOP treatment, requiring a complete admission assessment, development of an individual treatment plan that involves group and individual counseling, education about alcohol and drug use, and participation in self-help groups (e.g., 12-step or equivalent) for SUD. IOP consisted of group sessions 2-3 times/week for 10-14 weeks and individual counseling sessions once per month at minimum. Psychoeducation was the primary approach used.
Mindful Awareness in Body-oriented Therapy (MABT)
MABT is a manualized protocol, developed by the first author (C.J.P.). The intervention involves 90-minute weekly sessions delivered individually over approximately 8-10 weeks. The protocol has 3 distinct stages for teaching interoceptive awareness and take-home skills. The stages provide an incremental approach to facilitate learning the interoceptive awareness components of Stage 1: identifying body sensations (body literacy); Stage 2: learning and developing strategies for interoceptive awareness; and Stage 3: developing the capacity to sustain interoceptive awareness as a mindful process to facilitate appraisal of interoceptive experiences (see Table 1 ). Touch is used to facilitate the participant's ability to focus mindful attention to the body (vs. having attention wander, for example). These MABT stages align with the key aspects of interoceptive awareness 27 -specifically identifying, accessing, and appraisal-to promote the development of interoception and integration of related self-care skills to facilitate emotional awareness and regulation in daily life. Touch is used to facilitate the participant's ability to focus mindful attention to the body (vs. having attention wander, for example). Participants learn to use their own hands (self-touch) to develop their capacity for and practice of interoceptive awareness skills in daily life. Three MABT pilot studies demonstrated the feasibility, acceptability, and safety of MABT for women in recovery from sexual trauma [44] [45] [46] or chemical dependency. 13 The Intake and Session Review aspects of the session are critical. Intake, taking approximately 30 minutes at the beginning of each session, is designed to gather information about the participant's emotional and physical well-being, describe MABT processes, discuss use of take-home practice, and develop rapport. At the end of each session, approximately 15 minutes is reserved to review the interoceptive awareness training experience to promote cognitive integration and to guide the collaborative development of a take-home practice for the interim week.
MABT, which integrates the use of touch, was delivered by licensed and experienced massage therapists who were trained to deliver the MABT protocol. The MABT approach involves a high level of client-therapist verbal interaction, with 45 minutes of each session used for the Session Intake and Session Review (see Table 1 ) as well during the interoceptive awareness training. Thus, all MABT therapists had considerable prior education and clinical experience, including advanced training in mind-body approaches or psychotherapy (certification programs or master's degrees), a minimum of 10 years in practice, and significant clinical and/or research experience working with mental health concerns. They received direct training in the delivery of the MABT protocol. To monitor intervention fidelity and provide clinical supervision for therapists, all sessions were audiorecorded. Implementation fidelity of the MABT protocol was monitored by the principal investigator (C.J.P.), including twice-monthly review of audio-recorded sessions and process evaluation forms completed by the therapist after each session, and routine clinical supervision.
Women's health education (WHE)
A manualized protocol for WHE was developed for this study, based on a similar attentioncontrol intervention used in women's SUD treatment studies. 47, 48 Delivered as a group curriculum in prior studies, the protocol for this project was developed for individual delivery involving eight 90-minute weekly sessions to match the time and attention of the MABT intervention. WHE contained a health curriculum focused on topics such as understanding the female body, reproductive health, cardiovascular health, and sexually transmitted diseases. It was designed to provide equivalent therapeutic attention, expectancy of benefit, and an issue-oriented focus, but without theory-driven techniques (i.e., of MABT or any explicit focus on mindfulness or body awareness). WHE health educators were college educated and had past work experience as research coordinators in behavioral health. They received direct training in the delivery of the health curriculum. To monitor intervention fidelity and provide clinical supervision for health educators, all sessions were audio-recorded. The fidelity to the WHE protocol was monitored by study co-investigator (C.H.) twice-monthly by review of audio-recorded sessions and process evaluation forms, completed by educators after each session, along with routine clinical supervision.
Procedures
Data were collected by research coordinators at 2 time points (baseline and at 3 months) and included (1) a calendar method interview and biochemical assay to collect alcohol or drug use information; (2) an online survey to collect self-reported health-related information using standardized questionnaires; and (3) a psychophysiological assessment to collect respiratory sinus arrhythmia (RSA).
RSA data collection-For RSA data collection, participants were asked to refrain from over-the-counter medications that could affect psychophysiological recordings and all participants completed approximately 1 hour of questionnaires prior to the psychophysiological assessment, which minimized other potential confounds (e.g., caffeine, tobacco intake, or strenuous exercise prior to assessment). Electrodes were placed on the participants' torso using a standard spot configuration with one electrode placed on the right clavicle and the other on the left abdomen near the bottom of the ribcage. 49 Tonic (i.e., resting-state) RSA was measured during a 5-minute baseline period, during which time participants were asked to sit quietly.
We examined phasic (i.e., task-based) RSA in response to 3 challenging tasks. The tasks were (1) watching a film clip that had been demonstrated to elicit sad emotions (Steel Magnolias) for 5.5 minutes 50 ; (2) ruminating on a recent negative and unresolved event for 2.5 minutes, a well-tested rumination procedure 51 ; and (3) engaging in an audio-recorded body awareness meditation for 2 minutes. Participants completed a 3-minute resting baseline between each of the tasks. The sad film task is a standard psychophysiological stress task designed to elicit a similar response from most participants. Rumination tasks are common in the psychophysiological literature and designed to elicit negative emotion in a more personal and variable way across participants. The body awareness task, created specifically for this study, was designed to elicit interoceptive awareness. The first 2 tasks were selected to elicit mild distress and emotion dysregulation, leading to phasic RSA decreases. The third task was designed to serve an emotion regulation function through mindful awareness of bodily sensations to prompt phasic RSA increases.
The same 3 tasks were used in data collection at baseline and 3-month follow-up. In this study, we examined change in response from baseline to the 3-month assessment, rather than individual participant's responses to specific tasks. However, our prior research analyses indicate that these tasks functioned as hypothesized, with significant RSA decreases in response to the first 2 tasks and RSA increases during the third. 52
Measures
Data were collected to assess interoceptive awareness and mindfulness skills, emotion regulation, psychological distress, and substance use outcomes. We also examined participant satisfaction and perceived benefits of the MABT and WHE interventions. Baseline measures were used to describe participant demographics, health history, and economic and legal status. To describe lifetime trauma exposure, we used the Traumatic Life Events Questionnaire (TLEQ). 53
Primary outcomes: Interoceptive awareness and mindfulness skills-The
Multidimensional Assessment of Interoceptive Awareness (MAIA), a 32-item scale on a 5point scale, was used to assess interoceptive awareness. 54 The MAIA has 8 distinct scales, all Likert-type scales that ask the frequency from "never" to "always" of practicing interoceptive skills. The scales are Noticing (awareness of body sensations), Not Distracting (tendency to not ignore or distract from sensations of discomfort), Not Worrying (tendency to not worry with sensations of discomfort), Attention Regulation (ability to sustain attention to body sensations), Emotional Awareness (aware of connection between physical and emotional states), Self-regulation (ability to regulate distress by attention to body sensations), Body Listening (active listening to body for insight), and Trusting (experience one's body as safe and trustworthy). The internal consistency of MAIA scales ranged from . 44 to .93 (total sale α = .95). The Freiburg Mindfulness Inventory (FMI) measures the practice of mindfulness on a 4-point Likert scale. 55 Validated in a number of prior studies, 56, 57 Cronbach's alpha for the FMI was .91.
Secondary outcomes
Emotion regulation.: Emotion regulation was examined using both self-report and psychophysiological measures. The self-report measure used was the Difficulties in Emotion Regulation Scale (DERS), 58 a 36-item measure with total scores ranging from 36 to 180. Higher scores correspond to more difficulties in emotion regulation. Six subscales assess nonacceptance, goal-directed behavior, impulse control, awareness, regulation strategies, and emotional clarity.
To assess emotion regulation physiologically, we used measures of Respiratory Sinus Arrhythmia (RSA). A peripheral measure of parasympathetic-mediated cardiac output, RSA is measured via beat-to-beat fluctuations in heart rate across the respiratory cycle. 59, 60 Higher levels of RSA are protective, facilitating conservation of resources by allowing individuals to respond flexibly to environmental stressors. Lower RSA has been associated with poor emotion regulation across several clinical populations. [61] [62] [63] To measure tonic (resting) RSA, the resting period at baseline RSA was scored in ten 30second epochs (allowing maximum flexibility in analyses), then averaged across baseline epochs to produce a mean resting-state RSA value for each participant. Measures of phasic (task-based) RSA were collected during the 3 challenging tasks in 30-second epochs and averaged within each task.
RSA was collected with Biopac Acqknowledge software (Biopac Systems, Inc., Galeta, CA, USA) and scored using the MindWare HRV 3.0.10 software suite (Mindware Technologies Ltd., Gahanna, OH, USA). RSA is derived from the R-R time series, which is extracted from the electrocardiogram (ECG) waveform. MindWare computes RSA values by calculating spectral power in the high frequency range (>.15 Hz) using fast Fourier transformations. 64 Consistent with standard RSA scoring processes, all data were normalized via log transformations within the MindWare algorithm. Cases with outlier data in any epoch or extreme values (<2 or >10 log[beats/min 2 /Hertz]) were reviewed by a co-investigator (S.E.C.). Movement artifacts resulted in unusable baseline ECG data for 5 participants.
Psychological distress.: Reliable and validated scales of psychological distress based on DSM-IV diagnostic criteria 65 were used. To assess depression we used the Beck Depression Inventory-II (BDI-II), a 21-item questionnaire that measures severity of depressive symptoms. 66 Scores range from 0 -63; scores above 29 depict severe depression. BDI α was .92. To assess trauma-related symptoms, we used the PTSD Symptom Scale-Self Report (PSS-SR), 67 a 17-item questionnaire that measures symptom frequency based on DSM-IV-TR (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision) criteria. 65 A score above 14 was used as the screening indicator of PTSD. 68 Internal consistency reliability (Cronbach's α) was .93.
Substance use and craving.: The Timeline FollowBack (TLFB) interview 69 was used to assess all substance use (alcohol, illicit drugs, and nonprescribed medications). At baseline, 
Author Manuscript
Author Manuscript
participants were asked to report on substance use for 90 days prior to the last day of use and to identify the primary substance for which they were seeking treatment. For the postintervention assessment, participants were asked to report on substance use since the previous assessment (approximately 90 days). Proportion of days used was calculated as the outcome variable. We also collected biological data (i.e., urine toxicology screens administered at assessments) and clinic electronic health records data to assess relapse. An exploratory measure of relapse (0 = no relapse, 1 = relapse) was calculated based on evidence of relapse across combined data from the TLFB, toxicology screen results, and electronic health records data. Substance use craving was measured using the 5-item Penn Alcohol Craving Scale (PACS) 70 (α = .93), modified to address both alcohol and other drugs.
Intervention satisfaction.: Participant satisfaction with the MABT and WHE interventions
were measured using a revised version of the Project Match participant satisfaction questionnaire 71 and a written questionnaire that asked about intervention experience. The participant satisfaction questionnaire was composed of Likert-type response options specific to satisfaction with the intervention experience, including overall satisfaction with the therapist (MABT) or educator (WHE). The written questionnaire asked participants to describe what was most important about the intervention experience, what was learned, and if they perceived the intervention to have a positive influence on SUD treatment. These questionnaires were administered only to participants in MABT or WHE.
Data analyses
Preliminary analyses were used to examine the distributional properties of study measures, provide a detailed sample description by study group, and test for baseline equivalence among study groups. With one exception, no baseline differences were observed among study groups for the self-report measures or for RSA measures. There were, however, significant group differences in the baseline mean proportion of days abstinent (χ 2 = 9.0, P = . 01), in the baseline mean proportion of days abstinent in past 90 days for MABT (mean = .78, SD = .26), WHE (mean = .74, SD = .28), and TAU (mean = .86, SD = .21). Thus, the analysis of proportion of Day abstinent, described below, were adjusted for baseline differences. We also examined pre-post outcomes including site in the mixed-level regression models; site did not alter the overall group intervention findings nor their interpretation. We did not adjust for therapist effects; our examination of MABT primary and secondary outcomes revealed no differences by therapist for the total scale scores. One RSA measure suggested possible therapist effect, but this uncommon finding was difficult to interpret, as the therapist's workload was small (n = 8). A follow-up analysis of therapists whose workload included 20 or more participants revealed no significant therapist effects. In addition, ratings of participant satisfaction with the MABT therapist and intervention were consistently high and did not differ significantly by therapist.
Comparison of study group differences for continuous outcome variables, including RSA, were conducted using multilevel mixed-effects linear regression (Stata 15.1, Mixed procedure), which requires that the data be in long format. The analytic approach used in these analyses was based on unstructured residual covariance. Multilevel mixed-effects linear regression allows for unequal observations within subject and does not require the assumption of compound symmetry/exchangeable covariance structure. The approach can account for correlations that exist within subject in repeated measures across time. For the substance use outcome of proportion of days abstinent, the same analysis approach was used, but with multilevel mixed-effects tobit regression because the data were represented as proportions. Baseline values for the proportion of days abstinent were included as a covariate in the analyses to adjust for baseline group differences.
Study group assignment was incorporated as a fixed effect in all analyses. For analysis of RSA reactivity, we used the standard approach controlling for task baseline values 32 , and BMI and age. In other words, resting-state RSA, measured prior to each task, was statistically controlled in the analyses of RSA reactivity. For these tonic (resting) RSA analyses, we used mean resting-state RSA assessed at baseline and at 3 months, respectively, for preand post-intervention measures. For phasic (task-related) RSA analyses, we used the mean task score controlling for the physiological baseline prior to each task.
As detailed below, the pre-post outcomes were analyzed using the intent-to-treat (ITT) sample as well as the intervention-dose (ID) sample (see consort diagram, Figure 1 ). The intent-to-treat sample included all subjects for whom data were available pre-and/or postintervention, whether they had engaged fully or partially in the MABT and WHE interventions. The intervention-dose sample, on the other hand, included study participants in MABT and WHE who had participated in 6 or more (≥75%) of the 8 intervention sessions and all participants in the TAU group. The Wald χ 2 was used to test for group × time interaction effects to assess pre-post group differences for the primary and secondary outcomes. Statistical significance was set at P≤.05.
Content analysis, with analytic tools focused on word use and phrasing from discourse analysis, was used to describe the qualitative responses on the written questionnaires. The initial step involved categorizing types of general response to the questions within MABT and WHE study groups, and the responses were then coded by theme for each question or set of participant responses following the strategy of Lincoln and Guba. 72 To verify interpretation of meaning, word use and phrasing in response to questions were examined.
Results

Study enrollment, group assignment, and intervention attendance
Study recruitment was conducted over a course of 32 months to accommodate clinic routine as well as the demands of baseline data collection (Figure 1 ). Three hundred ninety-five women responded to study recruitment efforts and were screened for eligibility. Of these, 85 individuals did not meet the inclusion criteria primarily (62%) due to not being enrolled in IOP. Another 93 were initially screened as eligible but did not continue in the study enrollment process either because they did not have time to participate or because the invited individuals did not come to the initial enrollment appointment and were subsequently unreachable or if reachable, were no longer eligible for participation having completed IOP or dropped out of treatment. In all, 217 women were enrolled and randomly assigned to one of the 3 study groups. No one declined to continue in the study due to randomization assignment.
Approximately 20% of the enrolled participants assigned to MABT and WHE withdrew from study participation without attending MABT or WHE sessions. One TAU participant withdrew during the study period. For most of these individuals, we were unable to gather additional information regarding their withdrawal. For those who we were able to reach, reasons given for not participating were commonly related to scheduling concerns regarding transportation, employment (new job), or visitation with a child among those with child protective services (CPS) involvement. These findings are similar to prior MABT pilot study for women in SUD treatment in which relapse contributed to discontinuation of MABT sessions in 29% of sample. 73 The final sample size was 187.
Participant baseline characteristics
Sample demographics and baseline health characteristics are summarized in Table 2 by study group. Most (75%) participants were Caucasian, 10% identified as mixed race, 8% as Hispanic, 5% as African American, and 4% as Native American. Participant ages ranged from 22 to 61 years; the median age was 35. Socioeconomic status was generally low; the majority (60%) had a high school education or less; 95% reported no monthly earnings; 86% received Medicaid or Medicare for health insurance; and 53% did not have permanent housing. The primary substances for which individuals had sought treatment included stimulants (45%), alcohol (39%), narcotics (24%), marijuana (8%), and other opiates or analgesics (6%); 22% reported using more than 1 primary drug. All participants were survivors of interpersonal trauma, typically characterized by multiple events and types. Correspondingly, 68% scored above the cutoff for PTSD. However, 50% of the study participants had received almost no prior mental health services. Most participants (68%) were mothers of children under 18 years; 56% had had court involvement related to their SUD treatment, most commonly linked to Child Protective Services.
Primary outcomes
Primary and secondary study outcomes are described below and detailed in Tables 3 and 4 . As described, the analyses were conducted using both an intent-to-treat (ITT) approach (Table 3) and an intervention-dose (ID) approach (Table 4) . With a few exceptions, the patterns of findings based on these 2 analytic approaches were comparable. Consequently, the results described below are based on the ITT approach (Table 3) , with differences in findings by the ID analysis (Table 4 ) noted in the text.
Mindfulness skills and interoceptive awareness-Although there were no statistically significant improvements in mindfulness skills based on the ITT analysis, results from the intervention-dose (ID) analysis (Table 4 ) showed statistically significant improvements (χ 2 = 12.90, P = .002) for MABT compared with both WHE and TAU.
MABT compared with the other study groups also showed significant improvements in interoceptive awareness for 6 of the 8 MAIA scales (Noticing: Subst Abus. Author manuscript; available in PMC 2020 January 01.
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Author Manuscript 13.18, P = .001). There were no group differences for the MAIA Not Distracting and Not Worrying subscales in the ITT analysis. The MAIA intervention effect was, however, statistically significant for Not Worrying (χ 2 = 6.55, P < .04) in the ID analysis.
Secondary outcomes
Emotion regulation-Overall, emotion regulation measured by the DERS revealed significant improvements for MABT compared with WHE and TAU (χ 2 = 6.38, P = .04).
Three of the 6 DERS subscales (Nonacceptance, Goals, and Awareness) improved for MABT compared with the other study groups; the Awareness subscale showed the greatest improvement (χ 2 = 6.48, P = .04). In the ID analyses, in addition to a statistically significant total effect (χ 2 = 11.70, P = .01), MABT showed significant improvements for the same 3 subscales (Nonacceptance: χ 2 = 9.66, P = . 01; Goals: χ 2 = 8.24, P = .02; and Awareness: χ 2 = 15.59, P < .001) as well as for the Strategies (χ 2 = 7.83, P = .02) subscale.
Respiratory sinus arrhythmia-We examined changes in RSA across resting-state measures and each of the 3 tasks. There were no baseline differences in RSA among the study groups. In general results from the ITT analyses, MABT showed a consistent pattern of increased RSA from pre to post on tonic (resting) measures, and in response to all 3 tasks. In contrast, the TAU and WHE study groups showed either no change or reduced RSA from pre to post (Table 3 ). MABT improved significantly on the film reactivity task (χ 2 = 13.81, P < .001) compared with TAU and WHE study groups. RSA also improved significantly for MABT compared with TAU and WHE on the body awareness reactivity task (χ 2 = 13.51, P < . 001). In the ID analysis, tonic (resting) RSA was also significantly improved for MABT compared to TAU (χ 2 = 6.42, P = .04).
Trauma and depression symptoms-In terms of MABT intervention effects on improvement in psychological distress, no significant differences were observed among the 3 study groups based on the ITT analyses for either trauma-related symptoms or depression symptoms. On the other hand, the intervention-dose analysis revealed significant reductions in depression (χ 2 = 5.24, P = .02) Substance use and craving-Although substance use was generally low during the intervention period, participants in both MABT and WHE compared with TAU showed significantly greater improvement in the proportion of days abstinent in both the ITT (χ 2 = 8.71, P = . 01) and the ID (χ 2 = 14.20, P = . 0008) analyses. On the other hand, the relapse measure revealed no significant group differences in the proportion of participants who relapsed during the intervention period. However, the relapse pattern across the 3 groups was somewhat consistent with the proportion of days abstinent findings, in that relapse was lowest (30%) among MABT participants compared with WHE (47%) and TAU (43%). Significant improvements in substance craving by group was not observed in the ITT analysis (Table 3) , but the ID analysis (Table 4 ) showed near significant improvement in craving for MABT compared with the other study groups (χ 2 = 5.88, P = .053).
Intervention satisfaction-Participants responded to satisfaction questions with Likerttype response options in assessing their intervention experiences following completion of the 
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Author Manuscript intervention. Both MABT and WHE interventions were well received, with 94% of the participants in both groups indicating overall satisfaction. In response to the more specific question, "Overall, to what extent did the intervention meet your needs?" 72% of MABT and 63% of WHE participants endorsed highly positive ratings of "very much" or "extremely." In addition, 25% of MABT and 20% of WHE participants endorsed moderate scale ratings of "somewhat" and "moderately." The majority of MABT (83%) and WHE (77%) participants indicated interest in receiving the intervention again should they seek future treatment. There were no serious adverse events.
A primary theme that emerged from analysis of the written questionnaire responses was the importance of self-care. There were distinctly different themes within the intervention groups (WHE or MABT) related to what was learned in the intervention and how the intervention was important for their recovery. Women assigned to WHE learned health information (and appreciated topics new to them such as women's cardiovascular health).
They found learning about their health empowering and thus important for recovery; this experience prompted them to seek more health care services. Women assigned to MABT gained new physical and emotional awareness, as well as new or enhanced mind-body connection; these increases in awareness were recognized as critical for self-care. The ability to identify their emotional state was perceived to be critical for recovery, as it helped them to better cope with stressors and "triggers." In addition, increased interoceptive awareness facilitated better physical symptom management, which was likewise identified as important for relapse prevention.
Discussion
The study pre-post findings demonstrate that interoceptive awareness, one of the primary outcomes, was significantly improved for participants in MABT when delivered as an adjunct to women's SUD treatment. The significant changes for MABT compared with WHE and TAU on the majority of MAIA scales (P ≤ .002) indicates that the processes for learning interoceptive skills through MABT were highly effective for this population. This is notable given that this is a relatively brief intervention and that study participants tended to be highly distressed and had extensive interpersonal trauma histories. On the other hand, mindfulness skills showed improvement for MABT compared with WHE and TAU only in the intervention-dose but not ITT analysis. This observation is not surprising, as mindfulness skills are specifically taught and developed in the second half of the MABT intervention. Thus, many participants who did not complete the intervention but are included the ITT analysis were not actually exposed to this key aspect of MABT training.
Among the secondary health-related outcomes, participants in MABT compared with the other study groups showed significant improvement in both the self-report and physiological (RSA) measures of emotion regulation. For the self-report measure, the "awareness" aspect of emotion regulation improved most significantly, reflecting a primary focus of the MABT intervention. For RSA, each measure (resting and task reactivity) assessed a key aspect of regulatory capacity. For instance, resting-state RSA provides an index of overall regulatory capacity. Longitudinal research has demonstrated that resting RSA is highly stable over time and correlated with relatively enduring traits, such as positive emotionality. 74, 75 Thus, it is striking that MABT participants showed changes in resting-state RSA in response to an 8week intervention. The film and rumination tasks were chosen to measure a capacity to regulate under the stress of negative emotional evocation, which is a significant risk factor for relapse. Thus, positive change in the MABT group on the film task compared with the other study groups provide further evidence of improved regulatory capacity under conditions of negative affect.
The response to the body awareness task resulted in an increase in RSA regardless of study group, an opposite pattern of physiological reactivity compared with the film and rumination tasks, indicating that participants experienced improved physiological regulation and reduced arousal during the body awareness task. 52 Nonetheless, the results revealed highly significant RSA improvements among those in MABT compared with the other study groups. Given that this task requires skills that most closely mirror those learned in MABT, this finding strongly suggests that interoceptive awareness is a likely mechanism underlying improved regulatory capacity among those who received MABT.
Substance use, defined as the proportion days abstinent during the past 90 days, improved for both MABT and WHE compared with TAU. Notably, days abstinent from substance use was the only outcome that significantly improved for WHE compared with TAU, pointing to the potential positive effect of additional time and attention during early substance use disorder treatment.
The improvement in intervention group substance use results needs to be interpreted with caution. Observed baseline differences in substance use among the study groups suggest failure of the randomization process. Likewise, the overall substance use abstinence was relatively high during the 3-month study period, demonstrated by the mean proportion of days abstinent at 3 months across all study groups (Table 3 ). This high level of abstinence may be attributable to the fact that the majority of study participants had some form of court involvement (including CPS) and thus strong motivation to remain in compliance with the program abstinence requirements and to complete IOP. Craving for substances reduced significantly for MABT compared with TAU in the intervention-dose analysis. This finding is notable given that interoceptive dysfunction may be linked to craving. 25, 29 Although conceptualizations of craving vary, 76 this result, along with the concomitant reductions in negative affect and improvements in emotion regulation capacity, suggests that interoceptive awareness training may reduce reactivity to drug cues and/or increase capacity to manage craving urges.
For psychological distress, all study groups showed some reductions in trauma-related symptoms and depression symptoms, although there were no significant between group differences in the ITT analysis. Participants in MABT showed the largest drop in traumarelated symptoms reflected in the proportion of women in MABT (44%) compared with WHE (29%) and TAU (39%) whose scores shifted from above to below the screening cutoff for PTSD.
Results from the intervention-dose analyses serve to underscore the importance of MABT based on intervention engagement. Among participants who received ≥75% of the MABT intervention, significant reductions were observed in depression symptoms for MABT compared with the other study groups and in craving compared with TAU. Depression symptoms are a primary indicator of reduced negative affect and a key factor associated with risk for relapse among individuals in SUD treatment. 77 Thus, these findings point to the importance of interoceptive awareness training for longer-term treatment adherence and relapse prevention. In addition, the effect on reducing emotion regulation difficulties (selfreported) was stronger for MABT than for the other study groups, highlighting improved capacity to engage in emotion regulation strategies, a key MABT training focus. Thus, taken together, these results indicate the significance of receiving the full intervention, as MABT interoceptive and self-care skills are taught sequentially and incrementally over time.
Both the MABT and WHE interventions were highly acceptable to the study participants and had similar rates of attendance and completion. Likewise, both interventions were perceived to positively influence self-care, although in ways that reflected the distinct learning objectives of each intervention approach. The therapeutic elements of MABT, such as increased sensory (emotional and physical) awareness through interoception, mindfulness skills, and use of self-care strategies for emotion regulation practiced in daily life, appear to be key to improved outcomes. In contrast, each WHE session was a stand-alone information session, with no incremental skill-building components or personal growth orientation. Accordingly, the results showed that intervention dose was not a factor in WHE outcomes.
There are limitations to this study that need to be considered in interpreting the findings. This project was conducted with women only, so the findings may not generalize to men. Also, the SES of study participants was typically low and thus these findings may not generalize to women of higher SES, although a smaller MABT study with women across a more diverse education and economic spectrum showed similar results. 13 The longer-term outcomes of MABT training were not examined in this study but will be forthcoming in future analyses of longitudinal data gathered at 6 and 12 months.
In conclusion, this study shows MABT training to be efficacious for immediate intervention improvements of interoceptive awareness, emotion regulation (self-report and psychophysiology), and substance use. In addition, the results also highlight the importance of MABT dose to reduce depression symptoms and substance use craving. Notably, this appears to be the first full-scale randomized controlled trial focused on interoceptive training as an adjunct to women's SUD treatment. Interoception is thought to be critical for regulation, supporting healthy decisions and behavior change among individuals in SUD treatment. The significant improvements in interoceptive awareness and concomitant improvements in emotion regulation capacity are consistent with neurocognitive models that link interoception to emotion regulation for health outcomes important to SUD treatment. Current and evolving neurocognitive models highlight the importance of interoceptive awareness for the development of basic emotional awareness skills and the capacity for new emotion regulation appraisal and reappraisal processes that are critical for improved SUD treatment outcomes. 32, 78 Lastly, the overall findings are highly relevant to women's recovery, providing evidence that interoceptive training improves health outcomes that are critical for supporting women's SUD treatment. The high participant satisfaction, as well as clinical staff satisfaction as seen in our prior study of implementation feasibility, 73 suggests that integrating MABT within the context of women's SUD treatment is highly achievable. This population of highly distressed and traumatized women is very much in need of and likely to benefit from additional and targeted treatment options such as MABT. Demographic and baseline characteristics. 12 (18) 35 (19) High school or GED 28 (38) 27 (59) 22 (33) 77 (41) Two (59) 28 (61) 33 (49) 105 (56) Lifetime mental health services None or <10 therapy sessions 37 (50) 24 (52) 32 (48) 93 (50) 10-30 therapy sessions 11 (15) 12 (26) 16 (24) 39 (21) >30 therapy sessions 26 (35) 10 (22) 18 (27) 54 (29) Chronic health conditions 32 (43) 22 (48) 22 (33) 76 (41) Note. Values are number (percentage) unless otherwise indicated. All group comparisons P > .05 at baseline.
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